Table S1
The 24-h uptake values (numbers of particles per cell) of the as-prepared gold nanoparticles that were obtained by analysis of i) the number of gold nanoparticles in the culture medium using UV-vis, ii) the gold content in the culture medium using ICP-MS, and iii) the gold content in the cells using ICP-MS. The c The values were obtained by UV-vis analysis of the culture medium containing the gold nanoparticles.
d The values were obtained by ICP-MS analysis of the gold content in the cells after uptake studies.
e The same values are also presented in Supplementary Table S1 . After 24-h incubation with the cells positioned in the upright and inverted configurations, the peak intensities of the nanoparticles decreased relative to those of before incubation, indicating that the gold nanoparticles were taken up by the cells during incubation. See Supplementary Table S2 for more details. The initial particle concentration in the culture medium was 120 pM, 20 pM, and 2.8 pM for the 15-nm, 54-nm, and 100-nm nanospheres, respectively. The error bars correspond to standard errors (n=3). The 54-nm and 100-nm nanospheres were purchased from Ted Pella (Redding, CA) and used after centrifugation (7,000 rpm and 5,000 rpm, respectively) and re-dispersion in deionized water. Since all the nanospheres were prepared with citrate as a reducing agent, the surfaces of the as-prepared nanospheres should be covered by citrate ions and be more or less the same (see Supplementary   Table S2 ).
The nanocages were prepared using the galvanic replacement reaction between tetrachloroauric(III) acid and silver nanocubes. For the 62-nm nanocages, we used 50-nm silver nanocubes prepared by reducing silver trifluoroacetate (Aldrich) with ethylene glycol in the presence of poly(vinyl pyrrolidone) and (MW≈55,000, Aldrich) and a small amount of sulfide . After synthesis, the nanocages were purified by repeating the centrifugation (at 10,000 and 7,000 rpm for the 62-and 118-nm nanocages, respectively) and washing procedure four times, and the as-prepared nanocages were re-dispersed in deionized water. The surfaces of the as-prepared gold nanocages should be covered by a mixture of poly(vinyl pyrrolidone)and trifluoroacetate ions.
We followed the protocol developed by Nikoobakht and El-Sayed for the preparation of gold nanorods [Chem. Mater. 15, 1957-1962 (2003) ]. After synthesis, the nanorods were purified by repeating the centrifugation (7,000 rpm) and washing procedure three times, and the as-prepared nanorods were then re-dispersed in deionized water. The surfaces of the as-prepared nanorods should be covered by hexadecyltrimethylammonium bromide (CTAB).
For PEGylation, we added 0.5 mL of 1 mM mPEG-SH aqueous solution (Laysan Bio Inc., Arab, AL) to 0.5 mL of the as-prepared gold nanoparticles. After incubation at room temperature for 12 h, the modified gold nanoparticles were separated by centrifugation and re-dispersed in deionized water.
The concentrations of the gold nanoparticles (as well as the atomic ratios of gold to silver for the nanocages) were determined by analyzing the dimensions of the nanoparticles with TEM and the concentration of each element with inductively-coupled plasma mass spectrometry (ICP-MS, DRCII, Perkin Elmer). Typically, 20 µL of the gold nanoparticles in deionized water was dissolved in a mixture of 135 µL of 30% aqueous hydrochloric acid and 45 µL of 70% aqueous nitric acid. The solution was further diluted with 5 mL of 1% aqueous nitric acid, and the concentrations of gold and silver were determined by ICP-MS. The atomic ratios of gold to silver were 55:45 and 44:56 for the 62-and 118-nm nanocages, respectively. (Table 1, Supplementary   Table S6, and Table S7) We measured the hydrodynamic diameters (d h ) of the gold nanoparticles before and after incubating them in the cell culture medium at 37 o C and 5 % CO 2 for 24 h. The culture medium contained 10% FBS and 1% antibiotics. Before incubation, all the nanoparticles were dispersed in deionized water. After incubation for 24 h, the nanoparticles were collected by centrifugation and re-dispersed in deionized water. The d h,water of the nanoparticles was measured in deionized water using a 90 Plus Particle Size Analyzer (Brookhaven Instrument Corp., Holtsville, NY) which was equipped with a zeta-potential analyzer. For each sample, three autocorrelation functions were obtained from the scattered intensities, and the mean diameter of the nanoparticles was calculated using the Stokes-Einstein equation. The size distribution was calculated using the CONTIN routine. For all the nanoparticles used in this study, the polydispersity indices were less than 0.3.
Method S2. Measurement of hydrodynamic diameters
As shown in Table 1 , the d h,water values of the as-prepared gold nanospheres without incubation in the medium were almost identical, close to the actual sizes determined by TEM. Therefore, we used these nanospheres as the calibration standard to determine the sizes of other kinds of gold nanoparticles.
After incubation in the culture medium, it can be seen that the d h , water values were slightly increased. To check whether the increase in size was due to aggregation during centrifugation, we compared the values with the diameters (d h,medium ) measured for nanoparticles dispersed in the culture medium (see Supplementary Tables S6 and S7) Table 1 , we can conclude that some serum proteins were adsorbed onto the surfaces of the as-prepared gold nanoparticles.
Method S3. Measurement of surface charges (Table 1)
We measured the surface charges on the gold nanoparticles before and after incubating them in the culture medium (containing 10% FBS and 1% antibiotics) at 37 o C and 5% CO 2 for 24 h. After incubation, the sample was collected by centrifugation and re-dispersed in deionized water. The signs of surface charges on the nanoparticles were measured using a 90 Plus Particle Size Analyzer (Brookhaven Instrument Corp., Holtsville, NY) equipped with a zeta-potential analyzer. All the measurements were conducted in deionized water at room temperature. We used both poly(vinyl alcohol)-coated and PEGylated 15-nm gold nanospheres as the standards. These samples were essentially neutral, with zeta potentials of -4 mV and 0 mV, respectively. Table S1, Table S2 
Method S4. Preparation of ICP-MS samples for cell uptake studies (Supplementary

Determination of gold in the culture medium from ICP-MS analysis.
We followed the same protocols described in Methods for the incubation of the as-prepared gold nanoparticles with SK-BR-3 cells in the culture medium, as well as the same washing steps. We then took 30 µL of the mixture of the incubation medium and the three washing solutions and dissolved it in a mixture of 0.5 mL of 30% aqueous hydrochloric acid and 0.17 mL of 70% aqueous nitric acid. The solution was further sonicated in a hot water for 30 min, followed by dilution with 5 mL of 1% aqueous Fig. S1, Fig. S2 , and Table S3) Cell viability (Supplementary Figs. S1 and S2) was tested using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay, which is based on the mitochondrial conversion of the tetrazolium salt into a dye with absorption in the visible region. After 24-h incubation with gold nanoparticles in 6-well culture plates, the medium was removed, and 2.0 mL of fresh medium and 60 µL MTT (5mg/mL in phosphate buffered saline) (Invitrogen) were added to each well, and the culture plates were incubated at 37 ο C and 5% CO 2 for 4 h. After removal of the medium, the formed dye was dissolved with 1.2 mL isopropanol. The absorbance (A) at 560 nm was measured using a microplate reader (Infinite F200 respectively. It should be pointed out that, within the concentrations we tested, we did not observe any significant reduction in A due to the interference of gold nanoparticles with MTT assays, as shown in Supplementary Fig. S1 .
In addition to the MTT assays, we also conducted a set of control experiments to investigate if the absorbance at 560 nm was affected by the absorption and scattering of the gold nanospheres taken up by cells (Supplementary Table S3 ). In this case, we did not add MTT agents after the cells had been incubated with gold nanospheres. The other experimental conditions were kept the same as those described above. We found that only those cells incubated with the as-prepared 100-nm nanospheres showed a slight increase (4%) in absorbance as compared to that of the control sample.
This increase in absorbance was subtracted when converting the MTT assay data into cell viability.
For the other as-prepared gold nanospheres and all the PEGylated nanospheres, there was no significant increase in absorbance at 560 nm due to the gold nanoparticles up-taken by the cells. We obtained V d of the nanoparticles using the following equation 44 : 
As in the case of V s , S is also the sedimentation coefficient of hydrated gold nanoparticles in the medium; hence all the parameters must be calculated based on the hydrodynamic diameter (d h ) of the gold nanoparticles. Accordingly, m and ρ Au must be the average mass and density, considering the layer of serum proteins (for the as-prepared samples) or the PEG and proteins (for the PEGylated samples) on the gold nanoparticles. We define these parameters as m a and ρ Au,a , respectively, indicating apparent mass and density in the culture medium to distinguish these parameters from the real mass and density of the gold nanoparticles. To estimate m a and ρ Au,a , we have to know the volume fraction (V f ) and densities of the gold nanoparticles. Here are the procedures for obtaining these parameters and finally S.
C 0 = 20 pM. We obtained l g by using the parameters in Supplementary Table S5 . We then obtained n(h)/n 0 , followed by its conversion to C 0 + Δ C s (h). We finally obtained C(h) by considering back-diffusion of the nanoparticles caused by concentration gradient. For this calculation, we used diffusion coefficients of these nanoparticles in Supplementary Table S5 . Note that Supplementary   Fig. S10 is a rough estimate, so the figure could only provide a general picture about how the as-prepared 54-nm nanospheres and 62-nm nanocages change their concentrations with height.
